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CLOSED CELL MICROCELLULAR 
FOAMS AND THEIR METHOD OF MANOFACTURE 

The invention relates generally to the field of 
c o.ed cell ^icrocell.iar foa.s and specincall, to 

a so'rer!^' foa. .heet. The invention 

also relates to a n^ethod for preparing .icrocellular 
foa.. having closed cells with diameters of less than 
10 micrometers .(iim). . 

A polymeric foam is commonly ciassiried as 
mcrocellular if u has cells having diameters on the 
- er Of 30 ,m or less. However. Tor the purposes of 
this application, a microcelluiar foam has closed cells 
wath diameters on the order of 10 pm or less, 

A major application of microcelluiar foam 
technology is in packaging of. foods, chemicals and 
consumer products. Microcelluiar foams exhibit higher 
..pact resistance at smiller cross-sectional area when 
compared with larger celled foam. " 

id.nf-T'°^' ""i^-^^il"!-- foam have, been 

Identified. These uses include artificial skin -and • 
blood vessels. Small cell size and resultant high 
surface area per millimeter (mm) of thickness also mak= 
-crocellular foam compositions of potential interes Is 
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filters, ion exchange supports, low dielectric 
insulation materials, filter chrooiatography . substrates 
and catalytic substrates. 

Early processes for producing microceUular 
foam were developed at the Massachusetts . Institute of 
Technology in the igSO's. Batch and extrusion processes 
for preparation of closed cell microceUular foam having 
cells with a diameter of less than 10 microns (pm) are 
disclosed in Martini-Vvedenslcy . et al., U.S.- Patent No. 
'1, 473.500. Supersaturation of the plastic with «rases 
permits one to control the number of cell nucleation 
centers. * . ^ • 

^5 Rubens, U.S. Patent No. 3,7n,iJ30 discloses ' 

■ closed cell miorocellular foam and Q method of 

preparation which utilizes radio frequency (RF) ' 
radiation to foam a copolymer permeated with a 
combination of a perchlorof luorocarbon and ammonia. The 
foam has a cell size which is reduced by a factor of 10- 



10 



30 



TOO. 



Using the method of Subens, the oresent" 
inventors are -not able to prepare a foam with cell size 
25 Of less than from -about 30 to_ about 100 pn in diameter. 

Pollard, etal., O.S. Patent No. 3,013.996 
discloses a method of subjecting expandable styrene • - ' 
polymer particles containing a volatile organic fluid "to 
heat m a pressurized nitrogen gas (Nj) and/or air 
environment-. The pressure is from 200 to 2000 pounds" 
per square inch gauge - ^^ npag) and the 

temperatures range is 'between 50°C and 85"C 'f or a time 
Of from 0.5 to 72 hours sufficient to allow' the gas to 
diffuse substantially throughout the polymer part-'cles- 
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The pressure is then released to atmospheric pressure in 
order to foam the particles which. are then quickly 
treated with hot water for a time of not more than' 30 
seconds and subsequently treated with cold water. 

5 Other existing methods for preparing • 

mierocellular foams include techniques such as classical 
Phase inversion, sintering,^ and nuclear bombardment.- In 
general, these processes produce foams with density 
greater than 0.1 gram per- cubic centimeter (g/cm3) (6 H 
pounds per cubic foot (lb/ft3)). 

It would be desirable to be able to prepar- a' 
mierocellular foam having cells with a diameter of iess 
than 10 um. 

15 

It would also be desirable to be able to 
prepare a mierocellular foam having ceHs with a 
diameter of less .than 10 yun and also having .a density of 
less than 0.1 g/cm3 (6.i|. ib/f t3) 

A first aspect of the invention is a. method for 
preparing a closed cell mierocellular foam comprising 
. .the steps of: (a) permeating a copolymer of at least 
one Q-olefin and at. least one a.^mono-ethylenican y 
unsaturated carboxylic acid, by pressurizing us^ng an 
inert gas in the presence of . a blowing agent and ammonia 
for an incubation time sufficient to effect a 
substantial diffusion of the inert gas, the blowing " 
30 agent and the ammonia throughout the copolymer, the 
pressurizing being sufficient to maintain' a press^are 
• from about 1.i» mPag (200 psig) to about 20 mPag (3.000 
. Psig).; and thereafter (b) heating the permeated . 
copolymer in a field of electromagnetic radiation of 
from about 0.1 megahertz (MHz), to about 200 MHz to- 
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prepare a closed cell •microcellular foam wherein th. 
.roa. contains cells . , 

A second aspect of the invention is a closed 

5 • a t^l^":"'?^ ""^"^^"^ ^ eopoi^e. Of Tt 
least one a-olefm and at least one a,B- 

.onoethylenicall, unsaturated carboxylic acid wherein 
. the foa. has e.lls having diameters of less than- Z l. 

In a typical method for preoaring the • • 
10 mxcrocellular foam of the present inv.n^ • 
■ copolymer havin. car^o^ylil ^^^^ 'T''^ 

out 77d C (degress centigrade) to about O'c 
preferably from about -80'C to about O'c , ■ 
least one blowing ' agent are introduce, as ituTdt " 
the enclosed space in an amount needed I IZZtl 
copolymer and react with at least 85 oercent af L 
carboxylic.acid moieties of the cooolymer / 

.0 ^Pace is theh pressurized using an' ine^t .as ^ T'''' 
pressure of from about 200 pounds oer scuL. Lt 
CP3I.) (K. mPag) to about ,000 pslg n llZr '^^'^ 
preferably from about 200 psig (t H ■nlP..^ J . 
. P3ig (5.5 mPag). The enclosed IcVL ^ - '^^^ 

5 a temperature of greater than 6oT h ^ '° 
w V ■ =*i^er cnan bO C but no ereafcer fvi=« io 

below the, melt temperature of the ccpol,n,e- " e,. m 
around 72''c tv,« , w^iyme. , preferably 

. undT2C. The copolymer is maintained at that 
temperature and pressure fn • . 

, in.h.t.oh tiL th:r.:\ - :rj:r:^;- 

about 12 . h per m thickness. More ureferalHv is. " 

.ncubation time ranges rro. about uz I Z ^^Tl h 

» of thickness of the copolymer. ^ " '''^ 
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The pressure rises autogeneously above the 
prepressurized pressure as the temperature rises in the 
enclosed space. Preferably the final pressure range ^s 
from about 300 psig (2 mPag) to about 3000 psig (20 
^ mPag). more preferably from about 300 psig (2 mPag) to 
about 800 psig (5.5 mPag). 

The permeated copolymer is cooled, usually to a' 
temperature of about -lOO'C to about 10»C and removed 
from the enclosed space. The permeated copolymer is 
. then heated in a dielectric heating means such as a 
.. 5,000 to 10,000 watt .radiowave -frequency (RF) oven to ■ 
prepare a microcellular foam. The RF oven emits 
electromagnetic wave radiation at a frequency from about 
,5 10 MHz to about 100 MHz, preferably from about 5 MHz to 
about 100 MHz. The frequency may reach 200 MHz. 

Blowing agents which .can be used in the" present ' 

invention method include but are not limited to 

20 halogenated Ci-Cg, preferably' Ct-C^. alkyls, Ci-Cg, " 

preferably C^-C^ alkyls, chlorof luorohydrocarbons , 

. chlorof luorocarbons, f luorocarbons , f luorohydrocarbons 

and carbon dioxide (CO2). Preferably, . a blowing agent 

IS selected from the group consisting of chlorof luoro- • 

25 carbons and phlprof luorohydrocarbons , such as 

1-chloro-1.,1-difluoroethane. More preferably the 

blowing agent is 1 . 1 .2,2-tetraf luro-1 ,2-dichloroethane 
(CFC IIH). 



30 



The inert gas usually is selected from the 
group consisting of -nitrogen,' helium, neon, argon, 
krypton, xenon, radon and mdxturds thereof. Typically • 
the gas phase in the enclosed space is substantially the 
inert gas, preferably nitrogen, however the. gas phase 
also contains trace amounts of chlorof luorocarbon , 
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ammonia, oxygen, water vapor' oarhn ■ 
like. The vaporized chin T.' ^^^^^^^ a,, ^he 

in e,.in,,,,: wUh a 1^0 . aa^onia are 

whic. pcpletel, cover t'he'eopor;^:' " 
_ air can enter the svsh«™ , ^ °® amounta of 

eopolyaers on, be obtiin.^ , These-. 
Prep^ed a v ^1°^^ "r^''"^^"^ «n be 

in the polymerisation LV'lte t'r'"''"" 



prep^lns graft oodOv^L^mL 
practice of thi^ l„,et! "° 

ai., a.s. P eotl a m " '° "°-^> 

"o- 3.270,090, the teelh "'^^ 
=0 incorporate. ref erent:" """" 

-Itaue^or'^'fin W"'°r'- '"^ -P^^^^r. . 

reneraii, pref rre' thaTtH °' 
25 between ahout TO -I s ""Polymer contain 

uuut /o ^nd about 95 wei"phf l 
Olefin and between about 5 !' ''"W' of oonbined 

of cchined carbcxnio aoid . 

on the „el,.r:; t^e'^opt;:;!" ''^"^ 

° a carbcj;:;':^;^^";'';''"^ ^ - --^ 

S =arbon=. can be el ' ^ 

=«=Plary Olefins wi:^^:: ZZYZ.^'; 
propylene, ,-butene, 1-pe„tene 2 T 

he.ene. 3-.ethn-,-b.e:e. ::;th:n!:::;e:::t::;.::. - 
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1-hexene, styrene, and the like. . Copolymers employing 
ethylene or propylene as the olefin are generally 
preferred.-. 

Any a,|J-monoethylenically unsaturated carboxylic 
5 acid having from about 2 to about 8 carbons per 

molecule, preferably from about 3 to about 8 carbons, 
which is cppolymerizable with an olefin of the class 
described above or which is suitable for grafting onto a 
homopolymer of an olefin of the class described above, 
can be used to prepare a. copolymer for use in the 
present invention. Exemplary acids within this class 
include monocarboxylic acids and polycarboxylic acids 
selected- from the group consisting of acrylic acid, 
^5 methacrylic acid, ethacrylic acid, crotonic acid, 

isocrotonic acid, tigiic acid, angelic acid, senecioic 
acid, fumaric acid, maleic acid-, itaconia acid, 
citraconic acid and combinations thereof . Among these,, 
acrylic acid is preferred. The preferred copolymer is ' 
20 poly(ethylene/acrylic acid). 

The term used to describe the acid portion of 
the copolymer of this invention is intended to include 
suitable a,g-monoethylenically unsaturated anhydrides of 
25 carboxylic acids such as maleic anhydride. Although 
maleic. anhydride is not a carboxylic acid because it 
does not have a hydrogen attached to the carboxylic 
groups, it is considered- to be an acid for the purpose 
of this invention because its chemical reactivity is 
that of an acid. 

The copolymer need not necessarily comprise a 
two-component copolymer. Thus, although the olefin 
content of the copolymer desirably should be at least 70. 
weight percent by weight of the copolymer, more than- one 
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olefin can be emolaved aww-v- 

oxenn ..^ , f at: IV^— " 

"n.c hydrocarbon copol3n.ers descPi'eTm ! 
. 5 P"„t 3,26,,Z72 „ay also be-use „ ! . 

invention. Present 

,„ 0.5 (3, ","°3" (0.6, i,/,,3, to about 

d.a=.t.r can rang, frca about , ' t' L : 

P-fe.abI, .ro„ about 2 to abo^t 

irom afout 2 to about 5. "f^'ally 

15 

■ ■ tte carboxylic acid Dortion of th- 

b,co.pU«dwUh a. etal cation tra """'^ . _ 
conplexed uith the ea-bo™M„ -J - 

ZO -e-Itin, copolymer ^.err^ Va '"^ 

■ «"a: ion comprises th. „\ " ionoBer. Ii,e 

selected fro« th.^ " °' ^ 

ifom the group conslstlns of a]c=i, 

specially aualine earth „etal transit 
domblnatlons thereof p» - fansUion aetal and ' 

=5 cation for„ of a" a- sei^r.""' "^'^^ " ' 
"-istin. of lead ed r """^ ^""■> ' 

■ -dlu., 4nesiu: -suicon T"" 
==»hlnations ther of Mo"' T""°' 

30 - --=-d fro„ :h^^rlTc:n" tLT^ftr"^ 

lead. Usually at least t=; magnesium and 

---=--«-.rc:t^oT:rs\i;^:• 
^^.'-=-::=:rrthe en^io:™" 

"-Uy required „hen the lono^r' ' 
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salt where 'the metal is selected from lead, bismuth, 
silver, copper and combinations thereof. One method of 
crosslinking is to expose this copolymer to electron 
bombardment such as with a beam of about one to about 
four million electron volts (Mev) for a time sufficient 
^ to deliver a dosage of about 5 to about 30 megarads. 

In a preferred embodiment an olefin copolymer • 
comprising from about 70 weight percent to about 95 
weight percent by.weight of the copolymer of an a-olefin 

''^ having from about 2 to about 8 carbons, preferably from 
about 3 to about 8 carbons, and from about 5 weight 
percent to about 30 weight percent by weight of the 
copolymer of an - a ,]5-monoethylenically unsaturated" 

^2 carboxylic acid having from about 2 to about 8 carbons, 
. preferably about 3 to- about 8 carbons, is combined with 
a metal cation to form an. ionomer. - The mass is 
compression' molded to form a sheet. The sheet is 
permeated with "a chlorof luorocarbon blowing agent. and 

20 ammonia in an inert gas environment at .high pressure. 
The sheet 'is then foamed in a 5000 to about a 10,000 
watt RF oven for about one minute at a frequency from 
about 0,1 MHz to about 1 MHz. Preferably, the 
microcellular" foam sheiet has a thickness of less than 
1/2 inch (13 mm). 

The following examples are illustrative of 
preferred embodiments of the present invention. • 

2Q Examole I - Preparation of an lonomeric Microcellular 

Foam Sheet 

A compression molded ionomeric sheet *(2 in x'2 
in X 0.12 in) (50 mm x 50 mm x 3 mm) is made by reacting 
a copolymer of ethylene/acrylic acid (20 weight percent 
acrylic acid based on the weight of the copolymer) and a 
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sufficient amount of magnesium oxide to complex 
niagnesium with about 15 percent of the acrylic acid- 
groups along the copolymeric backbone. The sheet is 
Placed into a 600 cm3 pressure reactor equipped- wih a 

f^ i^ L " • 

=. Uquid a«„onia are -introduced into the reaotor " 
-b..rsxng the Icno.e.io .heet. The pressure reao " .= 
~..ed „Uh to a p.e„..e or .00 pM, U.l 

■ The reactor, u heated using a heating mantle to 

a temperature of about 75'c */. I'r r 
n„,.iH V, . • I^Ohourrently, the 

,5 U,Uid blowing ag.nt/a«»onia mixture m the reactor is 
= t.rre4 mechanlean. at ,00 rpm. *ner ra hour h 

ThI " ""^ '° ^ temperature of -78-C 

The Ucuids are removed and the gas pressure is 
released. The reactor is opened and the sheet which is 
20 impregnated „lth CFC , ammonia and nitrogen gas 

a VTt '--Viatel, heated in a 5000 „at . ! , 

^5 "/ftsi °' about 0.05 g/om3 (3.2 

^""^^ " ISrS^^r Of lonomerio morocellular 

f„„ P'-o<:=toe described in Example I is 

followed. A compression molded iono.eric sheet (2 i„ x 
2 xn X 0.0» in) (50 mm x 50 mm x 1 mm) is made from tK 

:r°n^::m:i?r"°""""= -gntLri i : 

in Example I, and- placed in a 600 cm3 reactor Th. 
reactor is cooled to a temperature of -78-C and ,'^0 3 
or U,uid CEC .n, and ,0 cm3 of li,uid IlonTa Jrl 
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introduced into the reactor, submerging the sheet. The 
. reactor is pressurized with to a pressure of about 
^00 psig (2.8 mPag). The reactor is -heated- to 75'C and 
the sheet is incubated in Nj, ammonia and CFC }Mi for 25 
^ hours. The reactor is cooled and the liquids and gases 
are removed. The sheet which is impregnated with CFC 
niJ, ammonia and N2 is removed and immediately heated in 
a 5000 watt RF- oven at 6 MMz for about 1 minute. The 
resulting microcellular foam sheet has a density of 
10 about 0.05 g/ciD3- (3.2 ib/ft3) and an average cell 
diameter of approximately 5 pm. 

Examole I II .- Preparation, of lonomeric Microcellular' 
Foam Sheet 

15 . "^^^ procedure described in Example I is 

followed. A compression molded ionomeric sheet (2 in x 
2 in X 0.05 in) (50 mm x 50 mm x 1.25 mm) consisting of 
a copolymer of ethylene /acrylic acid and lead (20 weight 
percent of acrylic acid based on the total weight of' the 
copolymer and 15 weight percent of lead based on the 
weight of acrylic acid) is crosslinked by exposure to a 
2 Mev electron beam for a time sufficient to deliver a 
dosage of 15 megarads. The sheet is placed in a reactor 
and cooled to. about -78=0 and 190 ml of liquid CFC lU 
and.. 10 ml of liquid ammonia. are introduced into the 
reactor, submerging the sheet. . The reactor is 
pressurized to about 200 psig (l.U mPag) with Ng. The 
temperature is raised to 75'C and the sheet is exposed " 
30 to the resulting li^-, CFC TiH , and ammonia environment 
for i|8 hours. The reactor is cooled to -78°C and the 
liquids and gases are. removed. The sheet, impregnated 
with N2, ammonia and CFC 11^1, is removed to a 10,000 
watt RF ovenand heated at 10 MHz for about one minute. 
The resulting microcellular foam sheet hasa density of 



20 



wo 90/07546 - 



PCr/US89/0586 



about 0.05 g/cm3 (3.2 lb/ft3) ,,,,, 
average diameter of about 8 iim. 

Cell diameters are measured from scanning 
electron micrographs taken at random cross-section 
5 intervals in -the. microcellular foam Sheets. Foam 

density 13 measured using standard ASTM testing method, 
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1. A method for preparing a closed cell 
microcellular foam comprising the steps of: 

(a) permeating a copolymer of at least one a- 
olefin and at least, one a.p-monoethylenically 
unsaturated carboxylic acid, by pressurizing using an 

5 inert gas in the presence of a blowing agent and ammonia 
for an incubation time sufficient to effect a 
substantial diffusion of the inert gas, the blowing 
agent and the ammonia throughout the copolymer, the 
pressurizing being sufficient to maintain a pressure 
from about 1.4 mPag ( 200 psig). to about 20~mPag (3,000 
psig); and thereafter 

(b) heating the permeated copolymer in a field 
of electromagnetic radiation of from about 0.1 megahertz 
(MHz) to about 200 MHz to prepare a closed cell 
microcellular foam. wherein the foam contains cells with 
a diameter of . less than 10 iim.. 

2. A method as claimed in Claim 1, wherein 
2Q the blowing agent is selected from chlorof luordcarbons 
and chlorof luorohydrocarbons. 
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wherein n ^ ^ "^^^^ 2. 

whe^exa_ the. pressure of step (a) fron. about .PaJ 

(200 psig) to about 5.5 mPag (800 psig) . 

^. A method as claimed in any one of the ' 



5. 



10 



A_ method. as claimed in any one of the 
preceding claims, wherein 1:he f^eld of «i . 

frequency frc^ abdut 6 MHz to about. ,00 MHz. 

5' A method as olpfmeH 

carboxnio acd. b.«d upon the .eight of the oopoly.er: 
T. . A method as cUimea in any one of -the 

to about 8. carbon, and the c,p-,cncethyUnicaUy 
unsaturated carboxvlic ariH 

carbons. ■ ^''^''^ ^^^^ ^^""^^^"^ ^"out 3 to about 8 

■ 8. A method-as claimed in Claim 7, wherein 
tne copolymer is poly(ethylene/acrylic acidK. " 

nr..ov.- ^ ^^^^od ^s claimed in any one of the'" ' 

30 l::::::^ ""^^ oarbo^yuc a^d is an •• 

• • • - 10. A method as claimed .in Claim-9, wherein" 
tne carooxylic acid" is complexed with the cation of ' 
magnesium or lead. • 
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11, A method as claimed in Claim 9 or Claim 
10, further comprising the step of crosslinking of the 
copolymer of step (a). 

12. A- closed cell microcellular foam 

5 comprising a copolymer of at least one a-olefin and at 
least one a,p-monoethylenically unsaturated carboxylic 
acid wherein the foam has cells having diameters of less 
'than 10 iim* ^ 

10 13, A. closed cell microcellular foam as 

claimed in Claim 12, wherein the copolymer is as defined 
in any one of Claims' 5 to 11. 

1^. A closed cell mierocellular foam as 
15 claimed in Claim 12 or Claim 13 ? wherein the ceils have 
. a diameter of about 2 pm to about 5 pm. 

15. A closed cell microcellular foam as 
claimed in any- one of Claims 12 to 1^1, wherein the 
20 density is from about 0.01 g/cm^ (0.64 Ib/ft^) to about 
0.1 g/cm3 (6.^ Ib/ft3), 
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